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@ lONOMER COMPOSmON. 

@ An ionomer composition which comprises an ionomer 
crosslinked with a polyamide chain and composed of 85 to 99 
parts by weight of an ionomer component wherein at least part 
of cart>oxyl groups of the ethyiene-unsaturated carboxylic add 
copolymer are neutrali2ed with a metallic cation and 15 to 1 part 
by weight of a polyamide oligomer component having primary 
amino groups on both ends, and which has an MFR value, (at 
190 =0. under a load of 2160 g) of 0.001 to 30 dg/min. This com- 
position shows excellent mechanical strengths at hugh tem- 
peratures, hot oil resistance, deep drawing properties and ther- 
mal rupture resistance and Is excellent in moldability, transpa- 
rency and surface gloss. 
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<;PFrTFTCATIQN 
lONOMER COMPOSITION 

3 Fj»|>^nf the Invention 

The present invenUoQ relates to a composition comprising an 
ionomer crosslinlced by polyamide dtains. 

More parUcularly. it relates to a composition comprising an ionomer 
1 0 ionically crosslinked by polyamide chains, said composition having 
. exceUent moldability and being capable of providing shaped articles which 
have, in addition to Uieir eiceUent transparency and surface gloss, 
improved mechanical strength at moderately high temperatures, hot oil 
resisunce. deep drawabUity and resisUnce to molten breakdown. 

15 

ppnlfground of the Invention 

Shaped articles of an ethylene-unsaturated acid copolymer or its 
ionomer having at least a part of the carboiyl groups neutralized witii 
metalUc cations find wide applications as packaging fUms and adhesion 
20 films in view of their exceUent adhesion properties, heat sealabiUty. 
transparency and oil resistance. 

Films of the ethylene-unsaturated acid copolymer or its ionomer 
having at least a part of the carboiyl groups neutralized with metallic 
25 cations are also frequentiy used in tiie form of a transparent laminate with 
other resin film or films having gas-impermeability. 
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The ethylene-unsaturated acid copolymer and its ionomer are 
thermoplastic, and are normaUy formed into shaped articles in molten 
conditions, for example by inflation or T-die extrusion methods. Packaging 
or adhesion fUms so produced are frequently subjected to post-workings 
5 by heat, including, for example, heat adhesion, heat sealing and vacuum 
packaging by heat shrinkage. For this purpose, it is desirable for the fUms 
to be post-workable at practicably low temperatures so that the heat 
workings may not cause any damage of contents to be packaged nor any 
deformation of objects to which the films are to be adhered. 

10 

On the other hand, the fflms are frequently required to be resistive 
.10 practicably high temperatures. For example, in a case wherein the fiim 
is used in packaging a retort food, the fUm is required not to be deformed 
or damaged by heat at the time of retort-treatment of the food. In a case 
1 5 wherem the film is heat adhered to an object, the adhesion between them 
is required not to be broken, even if the assembly is exposed to a 
temperature higher than the temperature at which the heat adhesion has 
been performed. 

20 However, good post-workability at relatively low temperatures and 

great mechanical strength at moderately high temperatures are conflicting, 
and therefore, it has been generaUy difficult to realize these conflicting 
properties with conventional thermoplastic films. 

25 Ethylene-unsaturated carboxylic acid copolymers and ionomers 

thereof are thermoplastic resins having a relatively low melting point 
ranging from about 70 to about 1 10 'C. and therefore, they are exceUent in 
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processabiiity at relatively low temperatures. But they are poor in 
mechanical strength at moderately high temperatures normaUy used in 
retort treatment of foods. 

5 It has heretofore been eagerly desired to improve mechanical 

strength of such thermoplasUc resins at moderately high temperatures, 
while retaining their inherent good workabiUty at relatively low 
temperatures. For improving mechanical strength at moderately high 
temperatures of a film of a thermoplastic resm having a relatively low 
10 melting point, there are known in the art a procedure wherein the low 
melting thermoplastic resin is blended with a high melting thermoplasUc 
resin, and a procedure wherein the film of the low melting resin is 
crosslinked with an organic peroxide or electron beam irradiation. 

1 5 In cases wherein a high melting thermoplastic resin such as nylon or 

polyester is blended with a low meltmg thermoplastic resin such as an 
ethylene-unsaturated carboxylic acid copolymer or its ionomer, the 
resulting blend may have appreciably improved mechanical strength at 
moderately high temperatures only when the blend contains about 33 * 

20 by parts or more of the high melting thermoplastic resin based on 100 
parts by weight of the total of the low and high melting resins. The blend 
with such a high level of the high melting thermoplastic resin does no 
more enjoy an advantage originally possessed by the low melting 
thermoplastic resin that heat workings such as heat adhesion and heat 

25 shrmkage are possible at relatively low temperatures. Moreover, in a case 
of an ethylene-unsaturated carboxylic acid copolymer or its ionomer. its 
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transparency is significantly impaired, when blended with a high melting 
thermoplastic resm such as nylon or polyester. 

If an ethylene-unsaturated carboxylic acid copolymer or its ipnomer 
5 is crosslinked with an organic peroxide or electron beam, the crossUnked 
product may have improved mechanical strength at moderately high 
temperatures, without losing the heat adhesion and heat shrinking 
properties at relatively low temperatures possessed by the copolymer or 
its ionomer. However, the copolymer or ionomer crosslinked with an 

1 0 organic peroxide or electron beam irradiation has a reduced melt flow, and 
is very difficult to be melt formed into shaped articles such as films. If 
such a crosslinked polymer is melt formed into a fUm. because of the poor 
flow of crosslinked portions of the polymer small protrusions and 
depressions, normally caUed fish eyes or gels, are formed on the surface of 

1 5 the film, rendering the appearance of the f Urn poor. Such a film of poor 
appearance can not be used in packaging applications where good 
appearance is required. 

When an ethylene-unsaturated carboxylic acid copolymer or its 
20 ionomer is melt shaped into a fOm. and then the film is crosslinked by 
irradiation with an energy beam, the resulting crosslinked fUm may have 
improved mechanical strength at moderately high temperatures. While 
this procedure is free from the above discussed problems of poor melt 
formability and poor product appearance, it is economically 
25 disadvantageous in that it requires an expensive and special apparatus for 
irradiation of energy and an additional step of energy irradiation after a 
step.of forming a film. 
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As a measure for improving heat resistance of an adhesive film of 
an ionomer whUe mainUining its desirable melt adhesion property at 
relatively low temperatures, Eisaku HIRASAWA et al. have proposed in 
Japanese Patent Laid-open PubUcation to graft from 3 to 20 % by weight of 

5 a polyamide oligomer having a primary amino group at one terminal onto 
side chains of a zinc ion ionomer. By this measure, heat resisUnce of an 
ionomer can be improved without adversely affecting formabiUty to f Ums 
and appearance of films formed. However, films formed from the graft 
copolymer involve a problem in that their mechanical strength in the 

1 0 molten condition at moderately high temperatures is still insufficient As a 
temperature exceeds the melUng point of the polyamide oligomer 
nor maUy ranging from 1 8 0 to 2 1 5 X a melt viscosity of the graft 
copolymer begins to drasticaUy decrease and fUms of the graft copolymer 
are likely to be broken. 

15 

Heat resistant adhesion property and rheology of melt blends of a Zn 
ionomer and a polyamide oligomer having a primary amino group at one 
terminal of the polyamide chain are discussed by Eisaku HIRASAWA and 
Hirohide HAMAZARII in Journal of the Society of Rheology. Japan. VoL 14. 
20 No. 3, pp. 1 13 - 122 (Sep. 1986). While this arUcle incidentaUy discloses a 
melt blend of a Zn ionomer and a polyamide oligomer having primary 
amino groups at both terminals of the polyamide chain, it is reported in 
Table VI of this article that this blend has an MFR of 0. as measured at 
190 and under a load of 2160 g, indicating its poor melt for mability. 

25 

It has now been found that an ionomer composition having a 
specific MFR and comprising an ethylene-unsaturated carboxylic acid 
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and/or at least one ionomer thereof having at least a part of the carboxylic 
groups neutralized with metallic cations and a specific amount of a 
polyamide oUgomer having primary amino groups on both terminals of the 
molecule, wherein said copolymer or ionomer is ionicaUy crosslinked with 

5 polyamide chains derived from said polyamide oligomer, has an improved 
mechanical strength at moderately high temperatures over said copolymer 
or ionomer even with a reduced amount of said polyamide oligomer used, 
while retaining desirable adhesion properties, heatsealability. 
transparency and for mabiUty at relatively low temperatures which are 

1 0 inherent in said copolymer or ionomer. 

The invention is to solve the above-discussed problems associated 
with the prior art and an object of the invention is to provide an ionomer 
composition capable of being formed into shaped articles auch as films and 

1 5 sheets having an improved mechanical strength at moderately high 
temperatures, deep drawability and resistance to molten breakdown as 
well as good appearance, while retaining desirable properties inherent in 
fUms and sheets made of ethylene-unsaturated carboxylic acid copolymers 
or their ionomers. including transparency. oU resistance and adhesion and 

20 heatseal properties at relatively low temperatures. 

pjfiglnsureof the Invention 
A first ionomer composition according to the invention comprises 
from 85 to 99 parts by weight of an ionomer comprising an ethylene- 
25 unsaturated carboxylic acid copolymer having at least a part of its 

carboxyl groups neutralized with metallic cations and from 15 to 1 parts 
by weight of a polyamide oligomer having primary amino groups at both 
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terminals of its chain, said composition having an MFR of from 0.001 to 30 
dg/min. as measured at 190 and under a load of 2160 g. in which said 
ionomer is ionically crossUnked by chains of said polyamide. 

5 A second ionomer composition according to the invention comprises 

from 85 to 99 parts by weight of a first ionomer comprising an ethylene- 
unsaturated carboiylic acid copolymer having at least a part of its 
carboiyl groups neutralized with transition metal cations, from 1 5 to 1 
parts by weight of a polyamide oligomer having primary amino groups at 

1 0 both terminals of its chain and from 2 to 99 parts by weight, based on 1 00 
parts by weight of the combined weight of the first ionomer and the 
polyamide oligomer, of a second ionomer comprising an ethylene- 
unsaturated carboxylic add copolymer having at least a part of its 
carboxyl groups neutralized with alkaU metal or ammonium caUons. said 

1 5 composition having an MFR of from 0.00 1 to 30 dg/min. as measured at 
190 'Cand under a load of 2160 g. in which at least said first ionomer is 
ionically crosslinked by chains of said polyamide. 

A third ionomer composition according to «xe invention comprises 
20 from 85 to 99 parts by weight of an ethylene-unsaturated carboiylic acid 
copolymer and from 15 to I p»ts by weight of a polyamide oligomer 
having primary amino groups at both terminals of its molecule, said 
composition having an MFR of from 0.001 to 30 dg/min. as measured at 
1 90 'C and under a load of 2 1 60 g. in which said copolymer is at least 
25 partially ionicaUy crossUnked by chains of said polyamide. 
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The ionomer compositions according to the invention are exceUenUy 
formable to shaped articles such as films having improved mechanical 
strength at moderately high temperatures and good appearance, in 
addition to desirable transparency. oU resistance, and adhesion property 
5 and heat sealabiUty at relaUvely low temperatures which are inherent in 
the ethylene-unsaturated carboxyUc acid copolymer or its ionomer. 

Brief nescriotion of the Drawings 
Fig. 1. is a plan view of a test assembly used in a shear creep test for 
10 measuring a load dropping temperature; 

Fig. 2 (a) is a plan view of a test assembly used in a shear creep test 
for measuring a bond failure temperature; and 

Fig. 2 (b) is a side view of the assembly of Fig. 2 (a), in which 
reference numerals designate: 
J 5 1 — A film or sheet to be tested 

2 — A load of 100 g. 

3 — An alummum foil 

4 —A film to be tested. 

5 — A load of 500 g. 

20 

Best Mode of Carfying ou t the Invention 
The first ionomer composition according to the invention comprises 
from 85 to 99 parts by weight of an ionomer comprising an ethylene- 
unsaturated carboxylic acid copolymer having at least a part of its 
25 carboxyl groups neutralized with metallic cations and from 15 to 1 parts 
by weight of a polyamide oUgomer having primary amino groups at both 
terminals of its chain, said composition havmg an MFR of from 0,001 to 30 
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dg/min. as measured at 190 'C and under a load of 2160 g. in vhich said 
ionomer is ionically crosslinked by chains of said pdlyamide. 

The ethylene-unsaturated carboxylic acid copolymer is a copolymer 
5 of ethylene and at least one unsaturated carboxylic acid preferably having 
from 3 to 8 carbon atoms. Examples of the unsaturated carboxyUc acid 
include, for example. acryUc acid. methacryUc acid, itaconic add. maleic 
anhydride, mono-methyl maleate and mono-ethyl maleate. Of these, 
acrylic acid and methacryUc acid are particularly preferred. 

10 

In addition to the ethylene and the unsaturated carboxyUc acids, the 
ethylene unsaturated carboxyUc acid copolymer may comprise a third 
component which may be vinyl compounds having from 3 to 12 carbon 
atoms, for example, unsaturated carboxyUc acid esters such as ethyl 
1 5 acrylate. i-butyl acrylate. n-butyl acrylate and methyl methacrylate: and 
vinyl esters such as vinyl acetate. 

In the ethylene-unsaturated carboxyUc add copolymer, the ethylene 
component is desirably present in an amount of from 50 to 99 X by 
20 weight, preferably from 70 to 98 X by weight. wfaUe the unsaturated 

carboxyUc add component is desirably present in an amount of from 1 to 
50 X by weight, preferably from 2 to 30 X by weight. 

When the ethylene-unsaturated carboxyUc add copolymer contains 
25 any third component in addition to the ethylene and unsaturated 

carboxyUc add components, the third component is desirably present in ai 
amount of up to 40 % by weight . preferably up to 30 X by weight. 
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In the first ionomer composition according to the invention the 
ethylene-unsaturated carboxylic acid copolymer has at least a part of its 
carboxyl groups neutralized with metallic cations, preferably with 
transition metal cations. 

5 

Preferred metallic cations are divalent transition metal cations such 
as Zn Co Ni ++. Mn Pb and Cu and alkaline earth metal 
cations such as Ca and Mg **. Of these, Zn is particularly preferred. It 
is believed that an ionomer comprising an ethylene-unsaturated 

1 0 carboxylic acid copolymer havmg at least a part of its carboxyl groups 
neutralized with divalent transition metal cations is capable of ionically 
bond to a polyamide oUgomer by forming an ammine complex ion between 
the divalent transition metal ion and a terminal primary animo group of 
the polyamide oligomer, and therefore divalent transition metal ions are 

1 5 preferred herein. 

A preferred degree of neutralization of the ethylene-unsaturated 
carboxylic acid copolymer with divalent metallic ions preferably with 
divalent transition metal ions is within the range from 3 to 95 mole %. 

20 

As metalUc ions for neutralizing carboxyl groups of the ethylene- 
unsaturated carboxylic acid copolymer, alkali metal ions such as Li Na 
and a ♦ are generally not preferred, smce such an alkali ion is not capable 
of forming an ammine complex ion with a terminal primary amino group 
25 of a polyamide oligomer. However, an ionomer comprising an ethylene- 
unsaturated carboxylic acid copolymer having its carboxyl group 
neutralized up to a degree of neutralization of 20 mole % with alkaU ions 
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can be used herein, since such an ionomer can be ionically crosslinked by 
polyamide chains owing to formation of an ammoniuoi salt between the 
unneutralized carboryl group of the ionomer and a terminal primary 
amino group of the polyamide oligomer. 

5 

A reacUvity of an ionomer having Ca or Mg as metallic cation 
species with a polyamide oligomer having primary amino groups at both' 
ends of the molecule is not so high as that of an ionomer having divalent 
transition metal ions such as Zn or Co as metallic cation species. It has 
10 been confirmed, however, that mechanical s^ength at high temperatures 
of an ionomer having Ca or Mg as metallic cation species can be 
improved, when reacted with a polyamide ohgomer having primary amino 
groups at both ends of the molecule. Accordingly. Ca and Mg are also 
usable herein as metallic cation species. 

15 

Metallic cation species of the ionomer is not restricted to a single 
species. An ionomer having two or more metallic cation species can also be 
used herein. 

20 JCnown in the art are ionomers having ammonium ions as cation 

species derived from organic monoamine such as n-heiyl amine or organic 
polyamine such as m-xylenediamine and hexamethylenediamlne. 
However, such ammonium salt type ionomers are excluded herein because 
they are inreactive with a polyamide oligomer having end primary amino 

25 groups, and in consequence cannot be crosslinked by polyamide chains. It 
is believed that an amino group of the above-mentioned organic amines 
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has a higher co-ordiaalion ability than the end amino group of the 
poiyamide oligomer. 

According to the invention use is made of a poiyamide oligomer 
5 having primary aniino groups at both ends of its chain. The poiyamide 
oligomer can be an oHgomer of a lactam having from 3 to 12 carbon atoms, 
for example, an oligomer of polycaprolacum or polylaurolacUm. The 
poiyamide oUgomer having primary amino groups at both ends of its 
molecule can be prepared by following a process for preparing a high 
1 0 molecular weight poiyamide from a lactam as mentioned above except for 
using an excessive amount of a primary diamine as a terminating agent 
(polymerization regulator). 

As the terminating agent we prefer aliphatic, alicyclic and aromatic 
1 5 diamines having from 2 to 20 carbon atoms, including, for example, 
hexamethylenediamine, m-xylenediamine, l,3-bis(aminomethyI) 
cyclohexane, ethylenediamine, butylenediamine and 
methyliminobispropane amine. Secondary or tertiary amines are 
unsuitable as the terminating agent, because a poiyamide oUgomer having 
20 secondary or tertiary amino end groups is hardly reactive with ethylene- 
unsaturated acid copolymer or its metallic ion ionomer. 

The poiyamide oligomer used herein should preferably have a 
number average polymerization degree of from 5 to 35. If this average 
25 polymerization degree is substantially below 5. the poiyamide oligomer 
has an unduly low melting point, and in consequence mechanical strength 
of final products at high temperatures will not be appreciably improved. 
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Whereas if the polyamide oligomer has an average polymerizatioa degree 
substantially in excess of 35. the activity of the primary amino end groups 
of the polyamide oligomer tends to decrease, resulting in a weakened 
coordinate ionic bond, whereby mechanical strength of final products at 
5 high temperatures could not be appreciably improved. Further, use of a 
polyamide oligomer having an average polymerization degree 
substantially in excess of 35 impairs transparency of final products. 

The first ionomer composition according to the invention comprises 
10 from 1 to 15 parts by weight, preferably from 1 to 9 parts by weight, of 

the polyamide oUgomer, based on 100 parts by weight of the composition. 

With substantially less than 1 part by weight of the polyamide oUgomer. 

mechanical strength of final products at high temperatures wiU not be 

appreciably improved. Whereas as the content of the polyamide oligomer 
1 5 approaches and exceeds 1 5 parts by weight, while mechanical strength of 

final products at high temperatures can be improved, the melt flow of the 

composition becomes intolerably poor, whereby it becomes difficult to be 

molded into films. 



20 The above-mentioned ionomer component and the polyamide 

oligomer component having primary amine end groups at both terminals 
of the polyamide chain are compounded under molten conditions, for 
example, at a resin temperature of from 150 to 300 *€. preferably from 
200 to 270 'C. whereupon the first ionomer composition in which the 

25 ionomer is ionically crossliniced by chains of the polyamide is obtained. 
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The ioQomer composiUon so obtained has a melt flow rate (MFR) of 
from 0.001 to 30 dg/min. as measured at 190 'C. and under a load of 2160 
g. A composition having an MFR of less than 0.00 1 dg/min is unsuiUble 
since it has a poor melt processability. whereas a oomposiUon having an 
5 MFR substanUaUy in excess of 30 dg/mui wUl not provide shaped articles 
having improved mechanical strength at Wgh temperatures. A preferred 
MFR of the composiUon is from 0.002 to 10 dg/min. as measured at 1 90 'C 
and under a load of 2 1 60 g. 

1 0 While the first ionomer composiUon according to the invention 

comprising an ionomer ionicaUy crosslinked by polyamide chains can be 
prepared by melt compounding the preformed ionomer and the polyamide 
oUgomer having primary amino end groups at both terminals of the 
polyamide chain as described above, it can also be prepared by adding the 

1 5 above-mentioned polyamide oUgomer to ethylene-unsaturated acid 
copolymer being ionized with metalUc cations, thereby simultaneously 
carrying out the ionization with metalUc cations and crosslinking with the 
polyamide oligomer. 

20 Suitable apparatus which can be used in the preparation of the 

ionomer composition according to the invention are those conventionaUy 
used in melt, blending or melt processing resins, including, for eiample. a 
screw extruder, a Bumbury mixer and a roll milL 

25 The second ionomer composition according to the invention 

comprises from 85 to 99 parts by weight of a first ionomer comprising an 
ethylene-unsaturated carboxyUc acid copolymer having at least a part of 
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its carboxyl groups neutralized with transition metal cation^ from 15 to 1 
parts by weight of a polyamide oligomer having primary amino groups at 
both chain terminals and from 2 to 99 parts, preferably from 10 to 50 
parts, by weight, based on 1 00 parts by weight of the combined weight of 
5 the first ionomer and the polyamide oligomer, of a second ionomer 

comprising an ethylene-unsaturated carborylic acid copolymer having at 
least a part of its carboxyl groups neutralized with alkali metal or 
ammonium cations, said composition having an MFR of from 0,001 to 30 
dg/min. as measured at 190 X and under a load of 2160 g. in which said 
1 0 first ionomer is at least partially ionically crosslinked by chains of said 
polyamide, and in some cases said second ionomer is also at least partially 
ionically crosslinked by chains of said polyamide 

In the second ionomer composition according to the invention, the 
1 5 first ionomer is an ionomer referred to hereinabove as being preferred in 
the first ionomer composition according to the invention that is an ionomer 
comprising an ethylene-unsaturated carboxylic acid copolymer having at 
least a part of its carboxyl groups neutralized with transition metal cations 
and the polyamide oligomer may be the same as described hereinabove 
20 with respect to the first ionomer composition according to the invention. 

The second ionomer which can be used in the second ionomer 
composition accorduig to the invention is an ionomer comprising an 
ethylene-unsaturated carboxylic acid copolymer having at least a part of 
25 its carboxyl groups neutralized with alkali meUl or ammonium cations. 
The alkali metal cations can be Li Na * or K Of these. Na ♦ is 
particularly preferred. The second ionomer comprising an ethylene- 
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unsaturated carboiyUc acid copolymer having at least a part of its 
carboxyl groups neutralized with ammonium ions may be obtained by at 
least partly neutralizing an ethylene-unsaturated acid copolymer with an 
organic amine having from 1 to 15 carbon atoms, including organic 
5 monoamines such as n-hexylamine and organic polyammes such as m- 
lylenediamine and hexamethylenediamine. 

The second ionomer is present in the second ionomer composition 
according to the invention in an amount of from 2 to 99 parts by weight. 

1 0 preferably from 1 0 to 50 parts by weight, based on 1 00 parts by weight of 
the combined weight of the first ionomer and the polyamide oHgomer. In 
other words, the second ionomer composition according to the invention 
comprises from 50 to 97 parts, preferably from 60 to 85 parts by weight 
of the first ionomer. from 49 to 2 parts, preferably from 35 to 15 parts by 

1 5 weight of the second ionomer and from 20 to 1 part preferably from 15 to 
5 parts by weight of the polyamide oUgomer, with the proviso that the 
total weight of said first ionomer. second ionomer and polyamide oligomer 
is 100 parts by weight. 

20 incorporation of the above-specified amount of the second ionomer 

enhances melt processability and workabifity of the second ionomer 
composition according to the invention, which is capable of being melt 
formed into shaped articles having excellent transparency and surface 
gloss. 

25 

As the first ionomer composition, the second ionomer composition 
according to the mvention has a melt flow rate (MFR) of from 0.00 1 to 30 
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dg/ min, preferably from 0.002 to 10 dg/min. as measured at 190 'C and 
under a load of 2160 g. 

The third ionomer composition according to the invention comprises 
5 from 85 to 99 parts by weight of an ethylene-unsaturated carboxylic acid 
copolymer and from 15 to 1 parts by weight of a polyamide oligomer 
having primary amino groups at both terminals of its chain, said 
composition having an MFR of from 0,001 to 30 dg/min, as measured at 
190 X and under a load of 2160 g, in which said copolymer is ionically 
1 0 crosslinked by chains of said polyamide. 

The tliird ionomer composition according to the invention can be 
obtained by compounding the ethylene-unsaturated carbozylic acid 
copolymer together with the polyamide oligomer having primary amino 

15 groups at both ends of its chain under molten conditions, for example at a 
resin temperature of from 150 to 300 X. preferably from 200 to 270 •C. It 
is believed that upon such compounding under molten conditions, the 
carboxyl groups of the ethylene-unsaturated carboxylic acid copolymer 
react with the primary amino groups of the polyamide oligomer to form 

20 ammonium salts thereby forming crosslinking ionic bonds. Accordingly, it 
is believed that the ethylene-unsaturated carboxylic acid copolymer and 
the polyamide oligomer form an ionomer in which the ethylene- 
unsaturated carboxylic add copolymer is ionically crosslinked by chains of 
the polyamide oligomer. 

25 

The third ionomer composition comprising an ionomer in which the 
ethylene-unsaturated carboxylic acid copolymer is ionically crosslinked by 
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chains of the polyamide can be formed into shaped arUdes by the same 
melt forming processes as described hereinabove with respect to the first 
ionomer composiUon in which the first ionomer comprising the ethylene- 
unsaturated carboxyUc acid copolymer having at least a part of its 
5 carboiyl groups neutralized with metaUic cations is ionically crosslinked 
by chains ot the polyamide. 

VhUe the ionomer compositions according to the invention are 
useful in forming shaped articles, including fUms. sheets and other shaped 
1 0 articles such as golf baUs. processes for forming tiie ionomer compositions 
according to tiie invention into fUms will now be described in detaU. 

Various fUm forming metiiods. including calendering, inflation. T-die 
extrusion and solution casting meUiods may be used. Of tiiese inflation and 
1 5 T-die extrusion methods are preferred. 

Upon forming the composition according to tiie invention into fUms 
by methods described above, the forming temper aiure can be within the 
range of from 150 to 300 'C preferably from 180 to 280 'C. 

20 

It is generally dimcull to thermally form a crosslinked resin into 
shaped articles. However, different from covalent linkage, bond sti-ength of 
ionic linkage greatly depends upon tiie temperature and shear rate, and in 
general tiie higher tiie temperature or tiie shear rate, tiie lower tiie bond 
25 strength of ionic linkage. Thus, the ionomer compositions according to the 
invention comprising an ionomer ionically crosslinked by polyamide 
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chains can be easily melt formed into shaped articles if the conditions are 
appropriately selected. 

Films of a single layer may be prepared from the lonomer 
composition according to the invention by inflation or extrusion methods. 
5 Alternatively, laminate films of two or more layers may be prepared by 
coeztruding the composition according to the invention simultaneously 
with other thermoplastic resin or resins such as^polyolefins. ethylene 
copolymers^ionomers, poly amides, polyesters and polyvinylidene 
chlorides. 

10 

The films so prepared comprise an ionomer crosslinked by 
polyamide chains, and have improved mechanical strength at moderately 
high temperatures, and therefore there is not necessary any step of 
irradiation with electron beam prior or subsequent to the film formation 
15 step, rendering the costs of manufacturing films mexpensive. 

Incidentally. Japanese Patent Laid-open Publication No. 59- 1 57, 1 22 
discloses thick shaped articles having improved heat resistance or heat 
resistant adhesion property comprising an ionomer having grafted thereon 

20 via ionic linkage a polyamide oligomer having a primary amnio group on 
one terminal of the polyamide chain. When compared with this prior art, 
according to the invention a polyamide oligomer having primary amino 
groups at both terminals of the polyamide molecule is utilized, thereby 
providing compositions in which polymer chains of an eihylene- 

25 unsaturated carboxylic acid or its metallic cation ionomer are crosslinked 
by polyamide chains, and which are productive of shaped articles having 
improved mechanical strength at moderately high temperatures well 



O 342 244 



10 



20 

comparable to that of the prior art shaped arUcles in which a polyamide 
oligomer having a primary amino group at one terminal of the polyamide 
chain is utilized in an amount twice or more the amount of the polyamide 
oligomer having primary amino groups at both terminals of the polyamide 
chain utilized in the oomposlUons according to the invenUon. Thus, 
according to the invention shaped arUcles having improved mechanical 
strength at moderately high temperatures. whUe retaining advantages 
such as good sealabiUty inherent in ionomers. can be prepared at reduced 
manufacturing costs. 



Since fUms of the compositions according to the invention are 
excellent in adhesion properties, heat seaiabiUty and mechanical strength 
at moderately high temperatures, they are advantageously used as 
packaging materials where mechanical strength at moderately high 
1 5 temperatures is required, in parUcular. for packaging retort foods which 
are cooked by heat in the packaged condition, and for packaging raw meat 
or processed meats such as ham and sausage which are sterilized by heat 
in the packaged conditioiL 

20 Further, since the ionomer composiUons provide shaped articles 

having excellent mechanical strength at moderately high temperatures, 
they are advantageously used as materials for producing automobUe 
interior, furniture and electronic parts. In view of their exceUent heat 
resistant adhesive properties they are also suitable for use in the 

25 production of heat adhesive films. 
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The ionomer compositions according to the invention also find 
applications in producing shaped arUcles such as sheets and golf balls. 

pff ect of the Invention 
5 The ionomer composiUons according to the invention are capable of 

being formed into shaped arUcIes not only retaining desirable properUes, 
including transparency, drawability, hot oU resistance, adhesive properties 
and heat sealabUity. which are inherent in the ethylene- unsaturated 
carboxyUc acid copolymers or their ionomers, but also having improved 
1 0 mechanical properUes at moderately high temperatures and good 
appearance. 

The invention wiU now be further iUustrated by the following 
examples. It should be appreciated that the invention is by no means 
1 5 restricted to the examples. 

Methods for testing materials (polymers) and products (films or 
sheets) used in the examples are as follows. 



20 Melting point and MFR 

The melting point was determined by measuring the crystalline 
melting point by means of a differential scanning calorimeter (DSC). The 
melt flow rare (MFR) was determined in accordance with JIS K-6760 
under a load of 2 1 60 g at a temperature of 1 90 or 230 



Load drop temperature 
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The load drop temperature was determined by the foUowing creep 
test. As shown in Fig. 1 . a test asse mbly comprising a strip I having a 
width of 2 cm and a length of 5 cm. of overlapping two films, each having 
a thickness of 100 Jim. or of a sheet having a thickness of 1 mm to be 

5 tested, with a suspended lokd 2 of 100 g was prepared. The test assembly 
so prepared was hung in an oven, where it was heated from a temperature 
of 70 -C at a constant heating rate of 30 X/}a. J>Mtuis this step of heating 
a temperature at which the strip was elongated and broken to cause the 
load to drop, which temperature is referred to herein as the load drop 

1 0 te mperature. was determined. The load drop temperature can be a 

measure reflecting the heat resistance of the tested f Urn or sheet That is. 
the higher the load drop temperature the better the heat resistance of the 
film or sheet 

13 failure temperature 

The bond failure temperature was determined by the following 
shear creep test As shown In Figs 2(a) and 2(b). a test assembly was 
prepared by sandwiching a fUm 4 to be tested of a thickness of 100 urn. a 
width of 15 mm and a length of 10 mm. between an end porUon of an 

20 upper aluminum foil 3 having a thickness of 100 m. a width of 15 mm 
and a length of 100 mm and a top porUon of a lower aluminum foU 3 of 
the same dimension (see Fig. 2 (b)), adhering thefUm 4 to the aluminum 
foils 3 by pressing them together at 200 'C. and hanging a load 5 of 500 g 
from the lower end of the lower alumuium foiL The test assembly so 

25 prepared was hung in an oven, where it was heated at a constant heating 
rale of 15 'C/hr. During this step of heating a temperature at which the 
adhesion of the film to the aluminum foils was broken to cause the load to 
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drop, which temperature is referred to herein as the bond faUure 
temperature, was determined. The bond failure temperature can be a 
measure reflecting the heat resistant adhesive property ( strength at 
elevated temperatures) of the tested film. 

5 

ffftt oil resistance 

Using a vacuum packaging machine (Skin tight packer suppUed by 
Shin-meiwa Co. Ltd.) a cylindrical pipe of paper board having an outer 
diameter of 96 mm, an inner diameter <rf 76 mm and a height of 50 mm 
1 0 was skin-packaged with an inflated film to be tested having a thickness of 
1 50 Jim under heating with an infrared heater. 

From the bottom of the cylindrical package so obtained, a sample of 
the uiflated film was taken. The film sample was held on a frame of a 
1 5 holder, coated with lard and heated in an autoclave at a temperature of 
100 'C for 10 minutes. At the end of the period the film was taken out. 
chiUed with ice water, and the surface the fUm was visuaUy observed as 
to cracking and blushing. 

20 MaTimum d rawahle deoth 

The skin packaging of a cylindrical pipe of paper board with an 
mflated film of a thickness of 150 urn mentioned above was repeated with 
gradually increasing the height of the pipe to be skin packaged. untU the 
fUm broke to f aU the packaging. The highest height of the pipe that could 

25 be skin packaged without fail was determined and is referred to herein as 
the maiimum drawable depth of the tested fUm. The higher the maximum 
drawable depth, the better the drawabiUty at elevated temperatures. 
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10 



Molten brealfriftwn time 

Two sheets of inflated fam, eadi having a thickness of 150 jim, were 
heal sealed together with an impulse sealer having a sealing part of a 
width of 5 mm and a length of 300 mm at a temperature of 220 'C and 
under a pressure of 2 kg/cm2. whUe varying the heat sealing time. The 
minimum heat sealing Ume at which the fUms were broken down with 
heal was determined and is referred to herein as the molten breakdown 
time of the tested film. The longer the molten breakdown time the belter 
the mechanical strength at elevated temperatures. 



Hftgt deforg i?^'"^ ji^mnerature 

A sheet sample having a length of 100 mm. a width of 20 mm and a 
thickness of 3 mm was horizontally supported along one 20 mm side on 
the upper end of a fixer having a height of 100 mm from a base plane 
1 5 with the other 20 mm side of the sheet sample free, heated in an oven 
maintained at a predetermined temperature for 2 hours and an amount of 
deformation ( 1 00 - x) in mm. wherein i is a heat sag in mm. that is a 
height of the other 20 mm side of the sheet sample from the base plane, 
was measured. A percent of heat deformaUonwas determined according 

20 to the following equation: 

% deformation - ((100 - 1) /100)><I00 
The X deformation was plotted against the temperature, and a 
temperature at which the % deformaUon is 20 x was determined and is 
referred herein as the heat deformation temperature of the tested sample. 

25 

Ethylene-unsaturated acid copolymers and their ionomers having a 
part of their carboxyl groups neutralized with metalUc caUons. which were 
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employed in Examples 1 - 10 and Comparative Examples 1 - 14, are 
indicated in Table 1 below. Polyamide oligomers (PAO). which were 
employed in Examples I - 10 and Comparative Examples 1-14. are 
indicated in Table 2 below. 



26 
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An admixture of 95 parts by weight of peUets of Ionomer-1 and 5 
parts by weight of powder of polyamide oUgomer PAO - 1 having primary 
amino groups at both terminals of its chain was suppHed to a single screw 
5 extruder having a screw diameter of 65 mm and a ratio of length to 
diameter (L/D) of 33. where the admixture was melt mixed and extruded 
at a resin temperature of 240 X and a rate of extrusion of 20 kg/hr to 
provide pellets of an ionomer crosslinked with polyamide chains. The 
pellets were clear and transparent. 

10 

The peUets so obtamed according to the invention were formed mto 
an uiflated film of a tJiickness of 100 jim means of an inflation film 
producmg machine having an extruding screw diameter of 30 mm under 
conditions including a resin temperature of 220 'C and a resin pressure of 
1 5 265 kg/cm2. The film forming could be carried out without any difficulties. 
The film so prepared was transparent and substantially free from 
irregularities such as fish eyes and geU and thus had a good appearance 
well comparable to that of an inflated film of Ionomer 1. 

20 Further, the pellets according to the invention were heat pressed at 

a temperature of 180 'C to a sheet having a thickness of 1 mm. 

The film and sheet so prepared were tested for the load drop 
temperature by the above-mentioned ^eep test. 

25 

The results are shown in Table 3. 
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PeUels of lonomer 1 used in Example 1 were formed into an inflated 
film of a thickness of 100 |im by means of the inflaUonfUm producing 
machine of Example 1 under conditions including a resin temperature of 
220 'C and a resin pressure of 200 kg/cm2. The fUm so prepared was clear 
and transparent. 

Further, a sheet having a thickness of 1 mm was prepared from the 
pellets of lonomer 1 in the same manner as in Example 1. 

The film and sheet so prepared were tested for the load drop 
temperature by the above-mentioned creep test 

Table 3 reveals that the fUm and sheet of Example 1 made of the 
1 5 composition according to the invenlion exhibit higher load drop 

temperatures than those of the products of Comparative Example 1 made 
of lonomer 1. indicating improved heat resistance and mechanical strength 
at moderately high temperatures achieved by the faivention. 



10 



20 r/^mparative ETamole 2 

An admixture of 84 parts by weight of peUets of lonomer- 1 and 16 
parts by weight of powder of polyamide oUgomer PAO - 1 having primary 
amino groups at both terminals of its molecule was supplied to the single 
screw extruder of Example 1, where the admixture was kneaded and 

25 extruded at a resin temperature of 240 X and a rate of extrusion of 20 
kg/hr to provide peUets of an ionomer crosslinked with polyamide chains. 
While the peUets were transparent, a lot of surface irregularities were 
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observed. It was impossible to continuously operate the extruder over a 
period of 30 minutes, since the resin pressure extraordinarily increased 
above 400 kg/cm^ during the continued operation. 

5 The pellets of the ionomer crosslinked with polyamide chains so 

prepared was tested for MFR at temperatures of 190 'C and 230 Ttie 
pellets were not flowable at both the tested temperatures. 

An attempt to form the pellets into films by means of the inflation 
10 film forming machine of Example 1 resulted in failure, because the 
pressure in the machine had unduly increased. 

The pellets were hot pressed at a temperature c£ 220 'C to produce 
a sheet having a thickness of 1 mm. The sheet was tested for the load drop 
15 temperature by the above-mentioned creep test The results are shown in 
Table 3. 



Comparative Examotes ^ - S 

Each of admixtures of Ionomer 1 and a polyamide oligomer having a 

20 primary amine end group at one terminal of the molecule (PAO-3) in 
weight ratios of 95/5 (Comparative Example 3). 90/10(Comparative 
Example 4) and 85/15 (Comparative Example 5), respectively, was 
supplied to the single screw extruder of Example 1. where the admixture 
was kneaded and extruded at a resin temperature of 240 *C and a rate of 

25 extrusion of 20 kg/hr to provide pellets of an ionomer ionically grafted 
with polyamide chains. The pellets obtained were dear and transparent. 
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The pellets were tested for MFR at temperatures of 190 and 230 

The peUets of these Comparative Examples were hot pressed at a 
3 temperature of 180 *C to produce sheets having a thickness of i mm, 

which were tested for the load drop temperature by the above-mentioned 
creep test. The resuUs are shown in Table 3. 

The pellets obtained in ComparaUve Examples 3 and 4 were formed 
1 0 into inflated films having a thickness of 100 jim as in Exampleiat a resin 
temperature of 220 The resin pressure at the time of inflation was 185 
kg/cm2 in Comparative Example 3. and 238 kg/cm^ in Comparative 
Example 4. The films so prepared were tested for the load drop 
temperature by the above-mentioned creep test. The results are shown in 

15 Tables. 
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P;g^mple 2 

Example 1 was repeated except that the admixture of 95 parts by 
weight of pellets of Icnomer-l and 5 parts by weight of powder of 
polyamide oligomer PAO - 1 having primary amino groups at both 
5 terminals of its molecule, of Example 1. was replaced with an admixture of 
9 1 parts by weight of pellets of Ionomer-2 and 9 parts by weight of 
powder of polyamide oligomer PAO - 2 having primary amino groups at 
both terminals of its molecule to provide pellets of an ionomer crossUnked 
with polyamide chains. 

10 

The pellets were cliear and transparent. They were formed into a 
transparent inflated film having a thickness of 100 |im as in Example 1. At 
the time of inflation, the resin temperature was 220 'C and the resin 
pressure was 170 kg/cm^. 

15 

The film was tested for the bond failure temperature by the above- 
mentioned shear creep test. The result is shown in Table 4. 

Comparative Example 6 
20 A film of Ionomer 2 having a thickness of 1 00 ptm was tested for the 

bond failure temperature. The result is shown in Table 4. 



25 



Table 4 reveals that the film made of the composition of Example 2 
according to the invention has a much higher bond failure temperature 
than that of the film of Comparative Example 6 consisting of Ionomer 2. 
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Table 4 





imposition of resin 

(by weight) 


Bond failure temp.(*C) 


Example 2 


lonomer 2/PAO-2 - 91/9 
lonomer crosslinked with PA* 


166 


Comp. Ex. 6 


lonomer 2 


95 



PA* : Poiyamide chains 



10 

Eiamoles ^ and 4 and Cbmoa rative Examples 7 and 8 

An admixture of 98 parts by weight <rf pellets of Copolymer-1 
(Example 3) or Copolymer 2 (Example 4) and 2 parts by weight of powder 
of poiyamide oligomer PAO - 1 having primary amino groups at both 
15 terminals of its molecule was supplied to a single screw extruder having a 
screw diameter of 30 mm and a ratio of length to diameter (L/D) of 32, 
where the admixture was melt miied and extruded at a resia temperature 
of 230 *C and a rate of extrusion of 2 kg/hr to provide pellets of an 
ethylene-methacrylic acid copolymer crosslinked with poiyamide chains. 

20 

The pellets so prepared were hot pressed at a temperature of 160 *C 
to a sheet having a thickness of 1 mm. The sheet was tested for the load 
drop temperature by the above-mentioned creep test. The pellets were 
further tested for MFR at a temperature of 190 'C The results are shown 
25. in Table 5. 
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Sioiilar sheets were prepared from Copolymer 1 and 2, respectively, 
and subjected to the creep test to determine the respective load drop 
temperatures. The results are also shown in Table 5. 

5 Table 5 reveals that when compared with the copolymers of 

Comparative Examples 7 and 8, the same copolymers crosslinJced with 
polyamide chains of Examples 3 and 4 according to the invention have a 
reduced MFR and provide films of an increased load drop temperature, 
that is, having an improved heat resistance. 

10 

Table S 





Composition of resin 
(bv weifiht) 


MFR (dg/min) 

190 •C 


Load drop 

temp. CO 


Example 3 


Copolymer 1/PAO-l - 98/2 


0.5 


94 


Example 4 


Copolymer 2/PAO-l = 98/2 


0.4 


97 


Comp. Ex. 7 


Copolymer 1 


25 


92 


Comp. Ex. 8 


Copolymer 2 


14 


94 



20 Example S a nd Comparative Examples 9 and 10 

An admixture of 70 parts by weight of pellets of lonomer 4. 25 
partsbyweightofpelletsoflonomer 3 and 5 parts by weight of powder , 

of polyamide oligomer PAO - 1 having primary amino groups at both 
terminals of its chain was supplied to the single screw extruder of Example 
25 3, where the admixture was melt mixed and extruded at a resin 

temperature of 230 X and an output rate of 2 kg/hr to provide peUets of a 
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mixed ioaooiers crosslinked with polyamide chains. The pellets so 
prepared were clear and transparent. 

The pellets so prepared were formed into an inflated film having a 
thickness of ISO itm by means of the inflation film, forming machine of 
Example 1. The film was transparent and had surface gloss. The film was 
tested for the hot oil resistance, maximum drawable depth and molten 
breakdown time by the above-mentioned test procedures. The results are 
shown in Table 6. - 

Films were similarly prepared from lonomers 3 and 5, respectively, 
and tested £oc the hot oil resistance, maximum drawable depth and molten 
breakdown time by the above-mentioned test procedures. The results are 
shown in Table 6. 





Composition of resin 
(by weight) 


Hot oil 
resistance 


Max. drawable 
depth (inm) 


Molten 
breakdown 
time (sec) 


Examples 


lonomer 4/Ionomer 3 
/PAO-1 ~ 70/25/5 


Good 
no change 


105 


2.0 


Comp. Ex. 9 


lonomer 3 


Bad 

cracking 


100 


1.5 


COmp.Ex. 10 


lonomer 5 


Poor 
blushing 


90 


1.6 



ETamole 6 and Comparative Example 1 1 
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The pellets obtained in Example 1 were formed into an inflated film 
having a thickness of 1 50 jim by means of the inflation film forming 
machine of Example 1. The film was transparent and had surface gloss. 
The film was tested for the hot oil resistance, maximum drawabie depth 
and molten breakdown time by the above-mentioned test procedures. The 
results are shown in Table 7. 

An inflated film was similarly prepared from lonomer 1 , and tested 
toe the hot oil resistance, maximum drawabie depth and molten 
breakdown time by the above-mentioned test procedures. The results are 
also shown in Table 7. 



Tablg 7 





Composition of resin 
(by weight) 


Hot oU 
resistance 


Max. drawabie 
depth (mm) 


Molten 
breakdown 
time (sec) 


Example 6 


lonomer 1/PAO-l 
-95/5 


Good 
no change 


100 


1.8 


Comp. Ex. 1 1 


lonomer 1 


Poor 

coarse 

surface 


100 


1.5 



ETampie 7 and Comparative Examples 12 and 13 

Each resin having a composition indicated in Table 8 was supplied to 
a single screw extruder having a screw diameter of 30 mm and a ratio of 
length to diameter (L/D) of 32, where the resin was melt mixed and 
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extruded at a resin temperature of 230 'C and an output rate of 2 kg/hr 
and the extruded strand was cut into pellets. Tiie pellets so prepared were 
hot pressed at a temperature of 160 'C to a sheet having a thickness of 1 
mm. The sheet was evaluated for the appearance and tested for the load 
drop temperature by the above-mentioned creep test The pellets were 
further tested for MFR at a temperature of 190 'C The results are shown 
in Table 8. 

The ionomer composition of Example 7 according to the invention 
can be formed into a sheet having an increased load drop temperature, 
that is, an improved heat resistance, when compared with a sheet 
prepared from the ionomer of Comparative Example 12 which was not 
crosslinked with poiyamide chains, and retained a good transparency. 

The ionomer composition of Comparative Example 13 having an 
unduly high content of an alkali ion ionomer (Ionomer 8) could be formed 
into a sheet having an improved heat resistance. But the sheet was 
opaque. 

Example g 

An admixture having a composition indicated in Table 9 was 
supplied to the single screw extruder of Ezample 7, where it was melt 
mixed and extruded under the same conditions as in Example 7 to prepare 
pellets. The resin pressure at the time of extrusion is shown in Table 9. 
The pellets so prepared were hot pressed al a temperature of 160 *C to a 
sheet having a thickness of 1 mm. The sheet was tested for the load drop 
temperature and the heat deformation temperature by the test procedures 
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menUoned above. The peUets were further tested for MFR at a 
temperature of 190 'C 

The results are shown in Table 9 together with the results obtained 
on lonomer 1 of Comparative Example 12. 

When compared with the lonomer of Comparative Example 1 2. the 
ionomer composition of Example 8 according to the invention did not 
require a very high resin pressure at the time of extrusion processing, in 
spite of the fact that the ionomer composition of Example 8 had a reduced 
melt now and provided a sheet having a substantially higher load drop 
temperature. 

Examples 9 and 10 ant^ Comoarative Examnte M 

Each resin having a composition indicated in Table 10 was supplied 
to a single screw extruder having a screw diameter of 65 mm and a ratio 
of length to diameter (L/D) of 33. where the resin was melt mixed and 
extruded at a resin temperature of 230 'C and an output rate of 25 kg/hr 
to provide peUets of an ionomer crossiinked with polyamide chains. The 
pellets were then formed into an inflated film having a thickness of 150 
m by means of an inflaUonfilm processuig machine having a swew 
diameter of 30 mm. The resin pressure required at the time of innation is 
indicated in Table 10. The fHm was evaluated for the appearance and 
tested for the molten breakdown time. The results are shown in Table 10. 



Similarly, an inflated film was prepared from peUets of Ionomer 4 
and similarly evaluated. The results are also shown in Table 10. 
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Table 10 reveals that the filoi of the ionocner cocnposition of 
Ezaoiple 9 according to the invention has an improved mechanical 
strength at moderately high temperatures, as reflected by its longer 
molten breakdown time, when compared with the film of the ionom^r of 
Comparative Example 14, and still retains a good appearance. 



42 
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Claims 

1. An ionomer composition which comprises from 85 to 99 parts 
by weight of an ionomer comprising an ethylene-unsaturated carboxylic 
acid copolymer having at least a part of its carboxyl groups neutralized 

5 with metallic cations and from 1 5 to 1 parts by weight of a polyamide 
oligomer having primary amino groups at both terminals of its chain, said 
composition having an MFR of from 0,001 to 30 dg/min. as measured at 
190 "C and under a load of 2160 g, in which said ionomer is ionicaliy 
arosslinked by chains of said polyamide. 

10 

2. The ionomer composition according to claim I wherein said 
ethylene-unsaturated acid copolymer is ethylene-acrylic acid copolymer, 
ethylene-metkacrylic acid copolymer, ethyiene-itaconic acid copolymer, 
ethylene maleic anhydride copolymer, ethylene-monomethyl maleate 

15 copolymer and ethylene- monoethyl maleate copolymer. 

3* The ionomer composition according to claim 1 wherein said 
metallic cations are Zn 2*. Co 2*, Ni 2*. Mn 2*. Pb 2*+ Cu 2*, Ca 2* or Mg 2*. 

20 4. The ionomer composition according to claim 1 wherein said 

polyamide oligomer is an oligomer having primary amino groups at both 
terminals of its chain which is obtained by reaction of polycaprolactam 
with a primary diamine. 

25 5. An ionomer composition wliich comprises from 85 to 99 parts 

by weight of a first ionomer comprising an ethylene-unsaturated 
carboxylic acid copolymer having at least a part of its carboxyl groups 
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neutralized with transition metal cations, from 15 to 1 parts by weight of a 
polyamide oligomer having primary amino groups at both terminals of its 
chain and from 2 to 99 parts by weight, based on 100 parts by weight of 
the combined weight of the first ionomer and the polyamide oligomer, of a 

5 second ionomer comprising an ethylene-unsaturated carboxylic acid 
copolymer having at least a part of its carboxyl groups neutralized with 
alkaU metal or ammonium cations, said composition having an MFR of 
from 0.001 to 30 dg/min. as measured at 190 and under a load of 2160 
g, in which at least said first ionomer is ionically crosslinked by chains of 

10 said polyamide. 

6. The ionomer composition according to claim 5 wherein said 
ethylene-unsaturated acid copolymer is ethylene- acrylic acid copolymer, 
ethylene-methacrylic acid copolymer, ethylene -itaconic acid copolymer. 

1 5 ethylene maleic anhydride copolymer, ethylene-monomethyl maleate 
copolymer and ethylene -mpnoethyl maleate copolymer. 

7. The ionomer composition according to claim 5 wherein said 
transiUon metal cations are 2n 2*. Co 2*. Ni 2*. Mn 2*. Pb 2*. Cu 2*. Ca 2* or 

20 Mg 2*. 

8. The ionomer composition according to claim 5 wherein said 
polyamide oligomer is an oligomer having primary amino groups at both 
termmals of its molecule which is obtained by reaction of polycaprolactam 

25 with a primary diamine. 
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9. An ionomer composition which comprises from 85 to 99 parts 
by weight of an ethylene-unsaturated carboxylic acid copolymer and from 
IS to 1 parts by weight of a polyamide oligomer having primary amino 
groups at both terminals of its molecule, said composition having an MFR 

5 of from 0,00 1 to 30 dg/min. as measured at 190 X and under a load of 
2160 g, in which said copolymer is ionically crosslinked by chains of said 
polyamide. 

10. The ionomer composition according to claim 9 wherein said 
1 0 ethylene-unsaturated carboxylic acid copolymer is ethylene-acrylic acid 

copolymer, ethylene-methacrylic acid copolymer, eihylene-itaconic acid 
copolymer, ethylene maleic anhydride copolymer, ethylene-monomethyl 
maleate copolymer and ethylene-monoethyl maleate copolymer. 



IS 11 The ionomer composition according to claim 9 wherein said 

polyamide oligomer is an oligomer having primary amino groups at both 
terminals of its molecule which is obtained by reaaion of polycaprolactam 
with a primary diamine. 
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